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REMOTE SENSING OF SUBSURFACE
ARTIFACTS BY USE OF VISUAL AND
THERMAL IMAGERY

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims the priority of U.S. Provisional
Patent Provisional 60/875,787 filed Dec. 19, 2006, of the
present 1nventor, Gary J. Weil, P.E., C.PI.M., entitled
REMOTE SENSING OF SUBSURFACE ARTIFACTS BY
USE OF VISUAL AND THERMAL IMAGERY, the entirety

of which 1s herein incorporated by reference.

BACKGROUND AND SUMMARY

1. Field of the Invention

The 1nvention relates to sensing of subsurface artifacts by
use of visual and thermal imagery and more particularly to
remote sensing ol such subsurface artifacts as may be exem-
plified by tunnels and excavations.

2. Related Art

Methods and systems for detection of subterranean anoma-
lies such as voids and leaks by the use of 1infrared thermog-
raphy and, more particularly, to methods and system for using,
infrared thermography together with ground penetrating
radar to map subterranean leakage voids and to repair such
vo1ds and terminate such leakage are the subject of U.S. Pat.
No. 7,218,267 1ssued May 15, 2007, on application Ser. No.
11/442,508, filed May 26, 2006, and which patent 1s entitled
SYSTEM OF SUBTERRANEAN ANOMALY DETEC-
TION AND REPAIR USING INFRARED THERMOGRA -
PHY AND GROUND PENETRATING RADAR, based

Upon U.S. Provisional App. No. 60/685,338, filed May 27,
2005; and corresponding PCT Patent Application entitled

SYSTEM OF SUBTERRANEAN ANOMALY DETEC-
TION AND REPAIR, filed May 26, 2006, both of the present
inventor, and both of which are herein incorporated 1n their
entirety by reference, and such patent applications broadly
relate to methods and systems for detection of subterranean
anomalies such as voids and leaks by the use of infrared
thermography and, more particularly, to methodology, sys-
tems, and apparatus for using inirared thermography together
with ground penetrating radar to map subterrancan leakage
voi1ds and to repair such voids and terminate such leakage in
a very highly accurate, reliable, rapid and cost-effective man-
ner

The present inventor 1s also the patentee of Weil U.S. Pat.
No. 4,910,593 1ssued Mar. 20, 1990, entitled SYSTEM FOR

GEOLOGICAL DEFECT DETECTION UTILIZING
COMPOSITE VIDEO-INFRARED THERMOGRAPHY,
and various corresponding patents in other countries. U.S.
Pat. No. 4,910,593, the entirety of which 1s herein mcorpo-
rated 1n 1ts entirety by reference, discloses a selectively
mobile system with an infrared (“IR”) scanner and video
camera having a common area of focus and apparatus for
detecting location permits detection of subterranean geologi-
cal anomalies. Infrared and visual 1mages are simultaneously
successively recorded on videotape together with related
location data and other relevant information. Video recorded
inirared, video and location data are selectively captured on
successive frames. Such frames are recorded for further
analysis such as for determiming the location and extent of
subsurface anomalies such as leaks. That system 1s especially
usetul for mapping such anomalies along a route of travel, as
across bridges, highways and other traific surfaces such as
paved surfaces or for examining surfaces that extend over
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clongated passages such as buried sewer and water lines, and
for finding bridge and pavement faults and defects.

These various prior systems and variations and develop-
ments of the present inventor, as implemented commercially
on a national and international basis by the present inventor at
EnTech Engineering, Inc., are known as the INSITE I, II, III,
IV,V & VI Subsurtace Pipeline Leak and Erosion Void Detec-
tion Systems or more simply as the INSITE L, I, III, IV, V &

VI Systems.

BACKGROUND RELATIVE TO THE
INVENTION

Over the past 200 years whole new worlds have been
established below ground in the form of tunnels, storage
tanks, rooms and buildings built for safety and clandestine
purposes as well as various civilization required utilities such
as electric, water, chemical and fuel. In civilian markets,
utility tunnels carrying power, communications, water, sewer
and chemical pipelines have been built between buildings,
coal chutes have been built to allow coal to be delivered to
building basement boilers, and electrical rooms have been
built to supply power to facilities of all kinds. Construction of
all types requires knowledge of these subsurface artifacts for
both safety and economic reasons.

Military and domestic security departments around the
world, such as the U.S. Homeland Security Department, have
established high priority needs for locating tunnels capable of
being used to allow illegal immigrants to cross under national
borders or to move and/or store 1llegal drugs and/or weapons,
as well as underground facilities such as storage areas, access
points and production facilities for the storage of munitions
and other ordnance and other objects and matter of military
significance, including space exploration, as on planets. In
almost all 1nstances, no “as-built” engineering drawings or
mapping information exists because of age, lack of funding,
Or purpose.

As the technological and political world changes vast civil-
1an and military and space needs have been established to
locate these hidden tunnels, storage areas, access points and
production facilities. As civilian buildings are upgraded or
new facilities built, many problems, and their often-enormous
costs, could be minimized if these hidden subsurtface facilities
and utilities could be detected and accurately mapped prior to
the design or construction phases of a project. If hidden
national border crossing tunnels could be located and
mapped, they could be eliminated. This could save enormous
money and manpower costs 1n crime control, welfare costs,
and political needs and human lives. In military campaigns,
both 1n the USA and around the world, the detection and
mapping of clandestine tunnels and other subterranean facili-
ties that may carry enemy soldiers, terrorists, weapons, muni-
tions and explosives and other materiel of war or terrorism
could save many lives and mean the difference between suc-
cess and failure 1n our country’s efforts 1n such places in other
countries where there 1s open contlict.

SUMMARY

Among the objects, features, advantages and benefits of the
present mnvention are the provision of advantageous method-
ology, systems, and apparatus for remote sensing of subsur-
face artifacts by use of visual and thermal 1magery, specifi-
cally including the use of infrared (IR) thermography and
related analysis, including visual 1imagery and its analysis
including correlation between IR thermography data, visual
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data and other information which can be taken into consider-
ation 1n relation IR thermography data and visual data.

Among specific benefits of the new methodology, systems,
and apparatus are that investigation techniques are non-inva-
stve and non-destructive. Personnel involved in implement-
ing the methodology, systems, and apparatus do not need to
dig up streets, attach cables to underground utilities, 1nsert
pigs 1nto pipelines or mconvenience the public. Customized
equipment and data collection vans or aerial means can be
used to implement the new methodology, systems, and appa-
ratus wherein the vans as herefore proposed in the *593 patent
typically can travel at 5-20 mph (8-32 kph).

Further, the methodology, systems, and apparatus involves
IR and visual and related 1nvestigations that may take place
during either daylight hours or nighttime to reduce traffic that
may otherwise cause slowdowns for the data collection van
which so as to help increase productivity.

Extremely high productivity 1s possible in implementation
of the new methodology, systems, and apparatus, typically in
the range of 15,000-25,000 linear feet (4.572-7.620 km) of
contiguous distance per day when using an customized data
collection van of the present inventor, depending upon the
number of anomalous areas detected and encountered traffic.
For cross-country thghts, 100-250 miles (161-402.3 km) per
day of o1l, gas, chemical, and water pipelines or border patrol
areas already can be mspected using configured helicopter or
unmanned aerial vehicle mounted systems.

Unique data manual and computer enhanced analysis pro-
cedures 1n using the new methodology, systems, and appara-
tus allow retrieval of image data previously considered unus-
able because of low contrast, overexposure and under
exposure ol both visual and thermographic data. Customized
computer enhanced analysis procedures may be used on both
individual images and video streaming images.

Brietly, methodology, systems, and apparatus herein dis-
closed 1s useful for remote sensing as by detection and map-
ping of subsurtface artifacts including clandestine tunnels and
other subterranean facilities that may carry enemy soldiers,
terrorists, weapons, munitions and explosives and other mate-
riel of war or terrorism by use of visual and thermal 1imagery,
specifically including the use of infrared (IR) thermography
and related analysis, including visual imagery and its analysis
including correlation between IR thermography data, visual
data and other information which can be taken 1nto consider-
ation 1n relation to IR thermography data and visual data.
Various types of data enhancements may be used to assist in
target detection.

System, apparatus and method features are disclosed. As
exemplary of the thrust of the invention, the system comprises
provision in the form of sensors for collecting of infrared (IR )
and visual data for imaging to within an area which may have
subsurface targets, the sensors producing multi-spectral,
bore-sighted 1mages to locate and map specific types of tar-
gets such as, but not limited to, tunnels, storage areas, under-
ground chemical tanks, utility pipelines and conduits, con-
struction debris, and roadway and bridge deck asphalt and
concrete pavement 1nternal cracks and voids. IR and visual
sensors are disclosed, for example 1 above-referenced Weil
U.S. Pat. No. 4,910,593 where they are described as an inira-
red (“IR”) scanner 12 and a video camera 14 carried by a
support boom 20 which 1s attached to a vehicle 22. The IR
data 1s 1 accordance with the present disclosure collected
with temperature pattern thermal resolution of less than 75
milliKelvins (mK) and matching visual imagery; the one or
more detectors operating in the range of 400 nm. to 14 um.
The present system further comprises provision for process-
ing and storing the images with both analogue and digital
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hardware and software. IR and visual data processing and
storage are disclosed in above-reterenced Weil U.S. Pat. No.
4,910,593 which describes use of a quad processor 32 that
transmits the video 1image data simultaneously to at least one
video tape recorder 34. The present system further comprises
provision for storage of IR data and analysis and correlation
between IR thermography data, visual data and location data
and other relevant information which can be taken 1nto con-
sideration 1n relation to IR thermography data and visual data.
Said *593 patent describes operation such that simultaneous
with the video 14 recording, the IR scanner 12 detects geo-
logical surface temperature levels and variations in the com-
mon field of view. The IR 1image data thus detected are trans-
mitted to a real-time IR data processor 40, of the
microprocessor type, where successive images of the IR
scans are viewable on an incorporated display screen 40a. As
that 593 patent describes, simultaneously, analog form IR
image data are converted by a colorizer/analog-to-digital con-
verter 42 to digital form and provided to the quad processor 32
for subsequent selective transmittal to videotape recorder 34,
as suitably controlled by a conventional tuner-timer 44. The
videotape recorder 34 1s used. The IR 1image data may be
simultaneously transierred to another segment 36a of the
display screen 36 of the color composite monitor 35 or alter-
natively viewed on an independent IR monitor 1256. In the
Weil *795 patent, elements 10, 12, 14, 16, 18, 20, 22 and 24
will generally be relevant.

Location by LORAN or satellite location generally 1s
described 1n said *593 patent of detected structural voids or
defects, as 1n pavement.

The present system provides target identification by target
signatures depending upon such targets being sought, 1.e.,
which are characteristic of selected targets (such as tunnels of
possible military or space exploration significance. The sens-
ing of such subsurface artifacts 1s turther characterized by
location and mapping of such subsurface artifacts.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s an unprocessed low contrast image of potential
subsurface tunnel sites and/or buried sewer pipeline capable
of transporting humans.

FIG. 2 1s an enhanced contrast of such potential subsurface
tunnel sites and/or buried sewer pipeline capable of transport-
ing humans.

DESCRIPTION OF INVENTIVE EMBODIMENTS

Specifically, the new remote sensing, non-invasive system,
and 1ts apparatus and methodology, 1s specifically designed to
locate subsurface targets including, but not limited to, tun-
nels, underground storage tanks (UST's), clandestine storage
areas and other underground/subterranean facilities where
there may be munitions or material of war or crime, including,
drugs, weapons, munitions, and such facilities may include
large pipes such as sewer, water, chemical, o1l and gas,
capable of allowing human traffic.

The mventive system can be configured to be hand carried,
mounted on a van or truck, or mounted beneath an aerial
platform either manned rotary wing, {ixed wing or Unmanned
Aenal Vehicle UAV) of any of various types. The various
hardware mounting platiorms provide users with capability
to ivestigate small, medium and large size areas, both mside
buildings and outside buildings, during both daylight and
nighttime hours.

The hardware apparatus of the new system comprises one
or more detectors 1n the 400 nm. to 14 um. range to produce
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visual and thermal imagery of ground surfaces. These sensors
produce multi-spectral, bore-sighted 1mages to locate and
map speciiic types ol targets such as, but not limited to,
tunnels, storage areas, underground chemical tanks, utility
pipelines and conduits, construction debris, and roadway and
bridge deck asphalt and concrete pavement internal cracks
and voids. These images difler from traditional IR and visual
imagery by using dynamic ranges of only a few degrees rather
than the tens or hundreds of degrees normally imaged for
traditional IR applications of looking for “hotspots™ 1n elec-
trical panels, boiler leaks, and military snipers 1n the dark.

Collected imagery provided by the new system and meth-
odology also differs from the existing norm by being required
to be collected 1n accordance with specific procedures and
protocol of the present mventor based upon special calibra-
tion procedures, special times for data collection, and special
thermal range settings based upon proprietary dynamic range
settings.

These 1images are processed and stored with both analogue
and digital hardware and software. The systems are designed
to collect data with temperature pattern thermal resolution of
less than 75 milliKelvins (mK) and matching visual imagery.
The images may be 1n the format of still images, a series of
still 1images, or a video sequence of 1images. In conjunction
with the imaging sensors, various types of global positioning,
systems (GPS), telemetry transmission systems, and LIDAR
systems are attached and used to facilitate target mapping.

Both human and soitware analysis of the data imagery 1s
used 1n the new system and methodology to locate special
proprictary target signatures depending upon the targets
being sought. These thermal patterns reflect areas saturated
with tluids and/or air gaps, which atffect the surface tempera-
tures because they change the subsurface thermal conductiv-
ity and thermal capacity. Various types of data enhancements
may be used to assist 1n target detection, including but not
limited to: global and localized contrast, global and localized
brightness, 1image size changes, global and localized blob
analysis, pixel by pixel contrast enhancements, colorization,
background 1mage noise suppression, and orthorectification,
etc.

Is seen accordingly that there 1s disclosed a system for
seeking, by remote sensing, subterrancan targets including
clandestine tunnels and other subterranean facilities that may
carry enemy soldiers, terrorists, weapons, munitions and
explosives and other materiel of war or terrorism by use of
visual and thermal imagery, comprising provision in the form
of sensors for collecting of infrared (IR) and visual data for
imaging to within an area which may have subsurface targets,
the sensors producing multi-spectral, bore-sighted images to
locate and map specific types of targets such as, but not
limited to, tunnels, storage areas, underground chemical
tanks, utility pipelines and conduaits, construction debris, and
roadway and bridge deck asphalt and concrete pavement
internal cracks and voids. The system further comprises pro-
vision for processing and storing the images with both ana-
logue and digital hardware and software. The system further
comprises provision for analysis and correlation between IR
thermography data, visual data and location data and other
relevant information which can be taken 1nto consideration in
relation to IR thermography data and visual data. The system
thereby provides target i1dentification by target signatures
depending upon such targets being sought. The sensing of
such subsurface artifacts 1s further characterized by location
and mapping of such subsurface artifacts. The IR data is
collected with temperature pattern thermal resolution of less
than 75 milliKelvins (mK) and matching visual imagery. The
one or more detectors operate 1n the range of 400 nm. to 14
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um. The images may be 1n the format of still images, a series
of still images, or a video sequence of 1mages.

As apparatus, the mmvention provides remote sensing of
subsurface target artifacts by use of visual and thermal 1mag-
ery, comprising (a) provision for infrared (IR) thermography
and for related analysis, including visual imagery; (b) provi-
s1on for correlation between IR thermography data and visual
data which can be taken into consideration in relation IR
thermography data and visual data; and (c) provision for
correlation of the IR data and visual data with location data
and other relevant information other information; whereby to
sense and i1dentify target artifacts which are of military or
space exploration significance.

The artifacts to be sensed are targets such as, but not limited
to, clandestine tunnels and other subterranean facilities that
may carry enemy soldiers, terrorists, weapons, munitions and
explosives and other materiel of war or terrorism.

From the foregoing description, i1t 1s seen that the invention
provides a novel method of identifying and mapping, as sub-
surface targets, clandestine tunnels and other subterranean
facilities that may carry enemy soldiers, terrorists, weapons,
munitions and explosives and other materiel of war or terror-
ism such as may carry enemy soldiers, terrorists, weapons,
munitions and explosives and other materiel of war or terror-
ism. The method 1s characterized by the steps of:

(1) using one or more sensors for collecting of infrared (IR )
and visual data for imaging to within an area which may have
such subsurface targets;

(2) using the one or more sensors to produce multi-spectral,
bore-sighted 1images to locate and map specific types of such
subsurface targets;

wherein the data 1s collected with temperature pattern ther-
mal resolution of less than 75 milliKelvins (mK) and match-
ing visual imagery;

(3) processing and storing the images with both analogue
and digital hardware and software;

wherein the 1mages may be in the format of still images, a
series of still images, or a video sequence of 1images; and

(4) analyzing and correlating between IR thermography
data, visual data and location data and other relevant infor-
mation which can be taken into consideration in relation to IR
thermography data and visual data; and

thereby 1dentifying target signatures depending such tar-
gets being sought.

Such method 1s further characterized by using types of data
enhancements to assist 1n target detection which are selected
from the group consisting of but not limited to global and
localized contrast, global and localized brightness, image size
changes, global and localized blog analysis, pixel by pixel
contrast enhancements, colorization, background image
noise suppression, and orthorectification.

Such method 1s still further characterized by location and
mapping ol such subsurface targets by using 1n, in conjunc-
tion with the imaging sensing, a global positioning system
(GPS) to facilitate target mapping.

In view of the foregoing description of the present inven-
tion and various embodiments and methods 1t will be seen that
the several objects of the invention are achieved and other
advantages are attained.

The illustrations and description explains general prin-
ciples of the mnvention and its practical application to thereby
enable others skilled 1n the art to best utilize the invention 1n
various embodiments and with various modifications as are
suited to the particular use contemplated.

As various modifications could be made 1n the construc-
tions and methods herein described and 1llustrated without
departing from the scope of the invention, 1t 1s intended that
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all matter contained in the foregoing description or shown 1n
the accompanying drawings shall be interpreted as 1llustrative
rather than limiting.

What 1s claimed 1s:

1. A system for seeking, by remote sensing, subterrancan
targets including clandestine tunnels and other subterranean
tacilities capable of carrying enemy soldiers, terrorists, weap-
ons, munitions, explosives, and other materiel of war or ter-
rorism, by use of visual and thermal imagery, the system
comprising;

a remote mirared (IR) sensor configured for collecting IR
thermography data for imaging an area potentially hav-
ing subsurface targets, the IR sensor comprising a sight
bore and configured to provide data collected with tem-
perature pattern thermal resolution of less than 75 mil-
liKelvins, the IR sensor producing multi-spectral, bore-
sighted 1mages to locate and map subsurface targets
comprising tunnels, storage areas, underground chemi-
cal tanks, utility pipelines and conduits, construction
debris, roadway asphalt, bridge deck asphalt, or concrete
pavement internal cracks and voids;

a remote light detection and ranging (LIDAR) detector
configured for collecting visual imagery data for imag-
ing the area potentially having subsurface targets;

analogue and digital hardware and software configured for
processing and storing multi-spectral, bore-sighted
images produced by the sensors and configured for
analysis, correlation, and orthorectification between IR
thermography data collected by the remote IR sensor,
and visual imagery data collected by the remote LIDAR
detector, to provide target 1dentification.

2. The system according to claim 1, wherein the remote IR

detector 1s configured to capture still images, a series of still
images, or a video sequence ol images,
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3. A method of i1dentifying and mapping, as subsurface
targets, clandestine tunnels and other subterrancan facilities
that are capable of carrying enemy soldiers, terrorists, weap-
ons, munitions and explosives, and other materiel of war or
terrorism comprising;:
collecting infrared (IR) thermography data and light detec-
tion and ranging (LIDAR) visual imagery data for imag-
ing within an area capable of having subsurface targets,
the IR thermography data having temperature pattern
thermal resolution of less than 75 milliKelvins (mK);

producing multi-spectral, bore-sighted 1images 1n the for-
mat of still images, a series of still images, or a video
sequence ol 1mages, from the data collected;

correlating and orthorectitying the IR thermography data
and the LIDAR visual imagery data to identily target
signatures; and

mapping the target signatures 1dentified.

4. The method as set forth 1in claim 3, wherein the IR
thermography data and the LIDAR visual imagery data are
enhanced with respect to global and localized contrast, global
and localized brightness, image size changes, global and
localized blog analysis, pixel by pixel contrast enhancements,
colorization, background image noise suppression, Or
orthorectification.

5. The method as set forth in claim 3, wherein the IR
thermography data 1s captured 1n the format of still images, a
series of still images, or a video sequence of 1mages.

6. The method as set forth in claim 3, wherein the corre-
lating and orthorectifying comprises correlating and
orthorectifying the IR thermography data, the LIDAR visual
imagery data, and location data.

7. The method as set forth 1n claim 6, wherein the location
data comprises global positioning system (GPS) data.
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